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Abstract 
The calculation of potential capacities of minor traffic streams on priority intersections requires the determination of the 
conflicting flow rates. The article describes a procedure that allows a more precise determination of conflicting flow rates for 
rank 3 (e.g. through traffic on minor street) and rank 4 (left turn from minor street on four-leg intersections) traffic streams 
compared to existing approaches. The procedure is based on an in-depth analysis of interactions between traffic streams and was 
developed using simulations and regression analyses. 
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1. Introduction 
Priority intersections are important elements of road networks, which implies the necessity of methodologies for 
the analytical determination of the capacity of minor traffic streams. Comprehensive procedures are presented in the 
Highway Capacity Manual (HCM 2000) and in the German Handbuch für die Bemessung von 
Straßenverkehrsanlagen (HBS 2001). The capacity cx of a minor traffic stream x is calculated in (HCM 2000) by: 
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where 
fx capacity adjustment factor for impeding effects of higher ranked traffic streams (Note that fx = 1 for rank 2 
traffic streams holds!) [-], 
cp,x potential capacity of minor traffic stream x [veh/h], 
vc,x conflicting flow rate for minor traffic stream x [veh/h], 
tc,x critical gap for minor traffic stream x [s], and 
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tf,x follow-up time for minor traffic stream x [s]. 
Although the underlying time headway distribution has been controversially discussed in the past, equations (1) 
and (2) provide a sufficient accuracy with conservative results (Knote 2003). However, a necessary prerequisite is 
the correct determination of the conflicting flow rate vc,x, which will be discussed for priority intersections without 
or with only negligible pedestrian impedance. 
It is obvious that the conflicting flow rate for rank 2 traffic streams is equal to the number of vehicles in all 
conflicting rank 1 traffic streams (plus 50 % of right turning vehicles if applicable) as no further impedance effects 
must be considered. Different approaches exist for the determination of conflicting flow rates for rank 3 and rank 4 
traffic streams as exemplarily described in table 1 for a four-leg intersection without right-turn lanes (minor traffic 
streams 7 and 8 only). 
 
Table 1: 
Exemplary determination of conflicting flow rates vc,x for rank 3 and rank 4 traffic streams on four-leg intersections 
without right-turn lanes 
 
HCM 2000 
 
traffic stream subscripts 
rank 3 ,8 1 2 3 4 5 62 0.5 2cv v v v v v v         
rank 4 ,7 1 2 3 4 5 6 11 122 0.5 2 0.5 0.5 0.5cv v v v v v v v v               
HBS 2001 
rank 3 ,8 1 2 3 4 5 60.5cv v v v v v v        
rank 4 * *,7 1 2 3 4 5 6 11 120.5 0.5cv v v v v v v v v           
* omitted if the minor approaches are controlled with stop signs 
vk  flow rate of traffic stream k 
 
Other approaches take only conflicting vehicles of rank 1 (Siegloch 1973) or conflicting vehicles on the major 
road (Schnabel 1997) into account. A further alternative is to consider all conflicting vehicles of rank 1 and 
unimpeded vehicles of rank 2 and rank 3 if conflicting (Schnabel 1979). 
2. Theoretical considerations 
It is possible to derive an approach using theoretical considerations concerning the calculation of moving 
capacities as a basis. Drivers of vehicles of rank 3 or rank 4 will only decide on the acceptance of a time gap if all 
conflicting streams with higher priority operate in a queue-free state simultaneously. The queue-free state QF 
comprises all periods in which no queue occurs and no vehicle of rank 2 or rank 3 carries out its movement. The 
probability of such a state is P0,x and the opposite state QF  has the probability 0,xP . 
Figure 1 depicts such time gaps as an example for traffic stream 7 (minor left turning, without considering major 
right turning) on a four-leg intersection. Below the time bar the two states QF and QF  are plotted followed by the 
times of arrival of vehicles in the conflicting traffic streams. The lowermost time bar shows all time gaps which 
could be accepted by a driver in traffic stream 7 depending on their length. Strictly speaking the term time gap is not 
correct as it does not only describe gaps between two arriving vehicles but other periods as well. It is obvious that 
the term time gap is used as simplifying description for periods 
x between two vehicles of rank 1, 
x between a vehicle of rank 1 and a vehicle of rank 2 or 3 which afterwards blocks the intersection 
through its movement ( QF ), or 
x the end of a queue state QF  and the next arriving vehicle of rank 1, 2 or 3. 
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Figure 1: Example of time gaps which could be accepted by a  
driver in traffic stream 7 on a four-leg intersection 
 
Although figure 1 is a synthetic example it becomes clear that time gaps TG0,7 – or generally TG0,x – can be 
defined by vehicles of all conflicting traffic streams. This leads to the first conclusion that all conflicting traffic 
streams must be considered for the determination of conflicting flow rates of rank 3 or rank 4 traffic streams. The 
question is to which extend each traffic stream must be considered. Furthermore figure 1 shows that the number of 
time gaps TG0,x corresponds to the number of vehicles with a higher priority which arrive during 
0, 0, 0,x x xT P T TG   6 . Any time period T is then completed by 0,xP T  during which no queue-free state is given. 
The sum of time slices with a queue-free state per hour is 
0, 0, 3600x xT P  . (3) 
A traffic stream to which a minor traffic stream x must yield shall have the index k. The number of vehicles of 
traffic stream k which arrive during T0,x is then v0,k,x. Equation (2) can be generalized for any time period t to 
,
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where 
cx(t) capacity of traffic stream x during time period t [veh/t], 
Vx number of conflicting vehicles with higher priority which arrive during time period t [veh/t], and 
t time period [s]. 
 
Vehicles of the minor traffic stream x can only move during T0,x = P0,x · 3600 if a total time period of one hour is 
considered. Hence, t in equation (4) must be set to T0,x. Because of Vx = 6TG0,x = 6v0,k,x the substitution of (3) into 
(4) leads to 
, 0, , 0,
, 0, , 0,
- /( 3600)
0, 0, , - /( 3600)
1-
( )
c x k x x
f x k x x
t v P
x x k x t v P
e
c T v
e
 
  
¦
 ¦¦ . (5) 
 
Thoralf Knote / Procedia Social and Behavioral Sciences 16 (2011) 642–652 645
With 
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This corresponds to the method in (HBS 2001) as all vehicles of traffic streams k to which the minor traffic 
stream x must yield are included. However, P0,x is not independent from traffic streams which contribute to its size. 
Hence neither equation (6) nor equation (7) is correct which is contrary to both methods in table 1, too. 
3. Interactions between traffic streams on an intersection 
For the derivation of a more precise method and the interpretation of simulation results it is necessary to 
investigate the interactions between all traffic streams on an intersection. A minor traffic stream x is normally 
influenced by a traffic stream to which it must yield in two different ways: 
x as part of the conflicting flow rate vc,x and 
x as traffic stream that contributes to the probability of simultaneous queue-free state P0,x. 
A short example using traffic stream 7 (minor left turning) on a four-leg intersection shows the interactions with 
traffic streams to which it must yield. The traffic streams 1, 2, 3, 4, 5, 6, 11 and 12 are part of the conflicting flow 
rate vc,7 and therefore influence traffic stream 7 directly. Furthermore, the traffic streams 1, 4, 11 and 12 must 
simultaneously operate in a queue-free state (= P0,7) if a vehicle of traffic stream 7 wants to move. P0,7 is defined by 
the probabilities p0,1, p0,4, p0,11 and p0,12, which are calculated using 
0, 1-
x
x
x
v
p
c
 , (9) 
and are therefore determined by the following traffic streams, which influence traffic stream 7 indirectly: 
x p0,1: - stream 5 and stream 6 as conflicting flow rate for stream 1 
 - stream 1 as minor stream 
x p0,4: - stream 2 and stream 3 as conflicting flow rate for stream 4 
 - stream 4 as minor stream 
x p0,11: - stream 1, stream 2, stream 3, stream 4, stream 5, 50% of stream 6 if applicable as conflicting 
   flow rate of stream 11 
 - stream 11 as minor stream 
x p0,12: - stream 5 and 50% of stream 6 if applicable as conflicting flow rate for stream 12 
 - stream 12 as minor stream. 
 
For instance, traffic stream 5 influences traffic stream 7 three times indirectly (p0,1, p0,11, p0,12) whereas traffic 
stream 7 is only once indirectly affected by traffic stream 11 (p0,11). Table 2 provides a complete list of all indirect 
interactions between rank 3 or rank 4 traffic streams and other traffic streams on a four-leg intersection and on a T-
intersection assuming no turn bans and sufficient left-turn lanes. 
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Table 2: 
Number of indirect interactions on priority intersections 
 
Minor traffic 
stream x 
Traffic streams k which influence minor traffic stream x indirectly 
Four-leg intersection
1 2 3 4 5 6 8 9 11 12 
8 1 x 1 x 1 x 1 x 1 x 1 x - - - - 
11 1 x 1 x 1 x 1 x 1 x 1 x - - - - 
7 2 x 2 x 2 x 2 x 3 x 3 x - - 1 x 1 x 
10 2 x 3 x 3 x 2 x 2 x 2 x 1 x 1 x - - 
Minor traffic 
stream x 
T-intersection
2 3 4 5 
7 1 x 1 x 1 x - 
no right turn lanes or triangular islands; no turn bans 
 
Direct interactions are accounted for by the conflicting flow rate and will not be discussed any longer. More 
important are indirect interactions via P0,x as the ratio between v0,k,x and vk · P0,x is significantly determined by the 
extent to which traffic stream k influences the minor traffic stream x indirectly. 
4. Simulation model 
A time increment simulation model has been used to substantiate the theoretical considerations and to quantify 
the real ratios between v0,k,x and vk · P0,x. The arrival time of each vehicle was created by using 146 headway 
sequences which had been measured on urban two-lane streets with a total simulation time of 3600 seconds plus 
settling time. The direction of each vehicle was randomly allocated using different proportions of turning vehicles. 
The vehicle movements were abstracted by using three different sets of critical gaps and follow-up times (table 3). 
They describe the necessary time for movements of passenger cars only but the results would be the same if 
different values for e.g. passenger cars and heavy vehicles are used. 
 
Table 3: 
Critical gaps and follow-up times used in the simulation model (HBS, 2001) 
 
Minor traffic stream x Set 1 
tc,x  /  tf,x 
Set 2 
tc,x  /  tf,x 
Set 3 
tc,x  /  tf,x 
Left turn from major street 5.5 s  /  2.6 s 5.5 s  /  2.6 s 5.9 s  /  2.6 s 
Right turn from minor street 6.5 s  /  3.7 s 6.5 s  /  3.1 s 7.3 s  /  3.7 s 
Through traffic on minor street 6.5 s  /  4.0 s 6.5 s  /  3.5 s 7.0 s  /  4.0 s 
Left turn from minor street 6.6 s  /  3.8 s 6.6 s  /  3.4 s 7.4 s  /  3.8 s 
Through traffic on and left turn from minor one 
way street 5.6 s  /  3.8 s 5.6 s  /  3.4 s 6.2 s  /  3.8 s 
tc,x  critical gap of traffic stream x     tf,x  follow-up time of traffic stream x 
 
The simulation model used nine different priority intersections as shown in figure 2. All intersections are 
controlled by yield signs but the results can be transferred to stop sign controlled intersections as well. If existing, all 
separate left-turn lanes feature a sufficient length. Therefore through and right turning traffic on the main street were 
regarded as unimpeded by left-turning vehicles. More information on the simulation model are available in (Knote 
2003) and (Knote 2006). 
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Figure 2: Priority intersections used in the simulation model 
5. Simulation results 
The following results have been obtained from the simulation model: 
x vk = number of vehicles in each traffic stream 
x cx = capacity of each minor traffic stream x 
x T0,x = sum of queue-free time periods for minor traffic stream x 
x P0,x = proportion of queue-free time periods (T0,x/3600) for each rank 3 or rank 4 traffic stream x 
x v0,k,x = number of vehicles of traffic stream k which arrived during time periods with queue-free state  
   for minor traffic stream x (T0,x). 
 
The values v0,k,x were set into relation to the corresponding product vk · P0,x: 
0, ,
,
0,
k x
k x
k x
v
a
v P
  . (10) 
Hence, ak,x can be regarded as an adjustment factor for the determination of the number of higher ranking vehicles 
that arrived during T0,x. 
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Figure 3 shows the number of vehicles v0,2,7 which arrived in traffic stream 2 on intersection 9 during time 
periods without a queue in traffic stream 4 (T0,7 = P0,7 · 3600 = p0,4 · 3600) as an example. The location of the pairs 
of values to the diagonal line clearly indicates that the number of vehicles in traffic stream 2 v0,2,7 which arrived 
during T0,7 is lower than the corresponding product v2 · P0,7. 
The difference between v0,k,x and the product vk · P0,x is governed by 
x the degree to which the minor traffic stream x is indirectly influenced by the higher-ranking traffic 
stream k (table 2), 
x the probability of simultaneous queue-free state P0,x for minor traffic stream x, and 
x the number of traffic streams which contribute to P0,x. 
Furthermore the indirect interactions vary between the traffic streams depending on the layout of an intersection. 
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P 0,7: probability for queue-free state in all traffic streams 
to which traffic stream 7 must yield
v 0,2,7: number of vehicles in traffic stream 2 which arrived 
during T 0,7 = 3600 . P 0,7 = 3600 . p 0,4
v 2: total number of vehicles in traffic 
stream 2 [veh/h]
 
Figure 3: Comparison of the number of vehicles in traffic stream 2 which 
arrived during T0,7 at intersection 9 with the corresponding 
products v2 · P0,7 
 
The values of ak,x showed a good relationship to the probability of queue-free state P0,x, which is illustrated in 
figure 4 with regression functions ak,7 = f(P0,7) for the traffic streams 2 (a2,7), 3 (a3,7), 4 (a4,7) and 5 (a5,7) on 
intersection 9. The curves clearly back the thesis that ak,x depends on the degree of indirect interactions between a 
minor traffic stream x and a conflicting higher ranking traffic stream k. The regression function for a2,7 = f(P0,7) and 
a3,7 = f(P0,7) delivered the lowest values due to the fact that both traffic stream 2 and traffic stream 3 contribute to 
p0,4 = P0,7 as conflicting flow rate for traffic stream 4. The regression function a4,7 = f(P0,7) led to substantially higher 
values because traffic stream 4 contributes to p0,4 = P0,7 as a minor rank 2 traffic stream. The regression analysis of 
a5,7 resulted in a5,7 = f(P0,7) = 0.9927 § 1 which can be traced back to the fact that traffic stream 5 does not contribute 
to the probability of queue-free state p0,4 = P0,7. 
Detailed relationships between ak,x and P0,x for different intersections (see figure 2) can be found in (Knote 2003) 
with the general approach 
2
, 2 0, 1 0, 0k x x xa c P c P c      (11
where 
c0, c1, c2 regression coefficients. 
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Figure 4: Regression curves for ak,7 = f(P0,7); (Knote 2003) 
 
The conflicting flow rate vc,x for minor traffic stream x is then calculated using 
, ,c x k x kv a v ¦  (12) 
where 
ak,x adjustment factor [-], and 
vk flow rate of a conflicting traffic stream to which minor traffic stream x must yield [veh/h]. 
 
Equation (12) leads to lower conflicting flow rates compared to the methods in both (HCM 2000) and (HBS 
2001) as ak,x  1 holds. Hence, the calculated potential capacities are higher. The lowering of the conflicting flow 
rate varies and depends on the number of vehicles in each higher ranking traffic stream. Note that equation (12) is 
only valid for intersections with sufficient left-turn lanes on the major street. 
6. Comparison with field data 
The traffic conditions on two priority T-intersections were observed in order to evaluate the approach described 
in section 5 (see figure 5).  
 
 
Intersection 1: Dresden – An der Rennbahn / Intersection 2: Dresden – Motorway interchange 
 Dobritzer Straße  Dresden-Hellerau 
 
Figure 5: Observed priority intersections 
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Using video cameras the following field data were obtained or calculated: 
x vk = total number of vehicles in traffic streams 2, 3 and 4 [veh/h], 
x T0,7 = sum of queue-free time periods in traffic stream 4 [-], 
x v0,k,7 = number of vehicles in traffic streams 2, 3 and 4 which arrived during T0,7 [veh/h], 
x p0,4 = P0,7 = proportion of queue-free time periods in traffic stream 4 [-], and 
x ak,7 = adjustment factor using equation (11) type regression functions [-]. 

A comparison of observed and calculated values is presented in figure 6. The field data for a2,7 and a3,7 on the left 
hand side very closely correspond with the function obtained from the regression analyses (see equation (11)). In 
opposite to traffic stream 4, which showed frequent vehicle bunches caused by traffic lights, both traffic stream 2 
and traffic stream 3 featured rather random flow conditions. More field data are available in (Knote 2003). 
Figure 6b exemplarily shows the impact of platooned flow on ak,x. The field data for a4,7 mostly lie significantly 
below the corresponding regression function, which can be attributed to the high number of platoons in traffic 
stream 4 caused by upstream traffic lights. If a vehicle, which arrives at an intersection as part of a platoon, is 
impeded, all other vehicles in the same platoon very likely arrive in a non-queue-free time period. Thus, the 
probability that a vehicle arrives in a queue-free time period is much lower in traffic streams with many platoons 
than in traffic streams with random flow. Therefore the number of vehicles in traffic streams with many platoons 
that must be included into the conflicting flow rates of minor traffic streams must be even lower. This would lead to 
more accurate values for the potential capacity of rank 3 or rank 4 traffic streams. However, more information on 
the traffic situation would be necessary which reduces the applicability of the methodology. 
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Figure 6: Field data for ak,x; (Knote 2003) 
7. Practical applicability 
The use of equations (11) and (12) is rather difficult and requires an in-depth analysis of each traffic stream and 
its interactions which vary depending on the layout of a priority intersection. Therefore, easier to handle approaches 
for the determination of conflicting flow rates of rank 3 and rank 4 traffic streams were investigated. A reasonable 
good approximation is offered by: 
,c x c kv a v ¦  (13) 
where 
vc,x conflicting flow rate for minor traffic stream x [veh/h], 
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ac adjustment factor [-] 
2 1 1 0, 0c r xa c c P c3     , (14) 
3r,1 percentage of rank 1vehicles on the total number of vehicles in all traffic streams to which a minor 
traffic stream x must yield [-], 
P0,x probability of simultaneous queue-free state in all traffic streams to which a minor traffic stream x must 
yield [-],
vk flow rate of a conflicting traffic stream to which minor traffic stream x must yield [veh/h], and 
c0, c1, c2 regression coefficients (table 4).
 
Table 4: 
Adjustment factor ac 
 
T-Intersection 
Conflicting 
flow rate for 
left turn from 
minor street 
1 0,70.12 0.26 0.62c ra P3     
0.4  3r1 < 0.95 
2 53
1
2 4 53
0.5
0.5
r
v v v
v v v v
3


   
   
 for traffic stream 7 
Four-leg intersection
Conflicting 
flow rate for 
through traffic 
on minor street 
1 0,0.15 0.25 0.6c r TTa P3     
0.15  3r1 < 0.95 
2 3 5 6
1
1 2 3 4 5 6
0.5
0.5r
v v v v
v v v v v v
3


           for traffic stream 8, or 
2 3 5 6
1
1 2 3 4 5 6
0.5
0.5r
v v v v
v v v v v v
3


           for traffic stream 11 
Conflicting 
flow rate for 
left turn from 
minor street 
separate queuing space for left 
turn in opposite approach: 
1 0,0.11 0.24 0.65c r LTa P3     
0.1  3r1  0.85 
 
no separate queuing space for left 
turn in opposite approach: 
1 0,0.05 0.23 0.72c r LTa P3     
0.1  3r1  0.85 
2 53 6
1
1 2 4 53 6 11 12
0.5 0.5
0.5 0.5
r
v v v v
v v v v v v v v
3
 
 
     
          
for traffic stream 7, or 
2 53 6
1
1 2 4 53 6 8 9
0.5 0.5
0.5 0.5
r
v v v v
v v v v v v v v
3
 
 
     
          
for traffic stream 10 
* omitted if a separate left turn lane exists            TT = trough traffic            LT = left turn (from minor road) 
 
The adjustment factor ac mirrors the dependency on both the proportions of each traffic stream 3r1) and the total 
traffic flow through the probability of queue-free state in all traffic streams to which a minor traffic stream x must 
yield (see equation (14)). All necessary values are either easy to calculate (3r1) or must be determined anyway (P0,x). 
8. Conclusions 
The calculation of the potential capacity of rank 3 or rank 4 traffic streams requires the determination of the so-
called conflicting flow rate which considers all traffic streams to which a minor traffic stream must yield. Today the 
conflicting flow rate for rank 3 or rank 4 traffic streams are determined using different approaches. Extensive 
investigations showed that the conflicting flow rates calculated with these approaches tend to be too high. A part of 
the vehicles in higher ranking traffic streams is considered twice, firstly as part of the conflicting flow rate and 
secondly through their contribution to the probability of queue-free state. 
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Based on an in-depth analysis of interactions between different traffic streams a good approximation for a more 
detailed determination of conflicting flow rates for rank 3 und rank 4 traffic streams has been developed using 
simulations and regression analyses. 
The procedure leads to higher and more realistic capacities compared to existing methodologies. The difference 
depends on the proportion of each traffic stream. In many cases the differences are more or less negligible. 
However, very non-symmetric traffic stream distributions and rather heavy rank 2 traffic streams might lead to 
significant differences resulting in a wrong assessment of the level of service (LOS), especially for left turning 
vehicles on minor roads at four-leg intersections. 
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